Indonesia has retained its status as the world's fourth largest coffee producer after Brazil, 31 Vietnam and Columbia, in which one of its well-known coffee is originated from Toraja region, 32
INTRODUCTION 57
According to Walton (2018) around 70 countries produce coffee, with the overwhelming 58 majority of the supply coming from the developing countries, i.e. Brazil, Vietnam, Colombia, 59
Indonesia and Ethiopia, Indonesia. Therefore, Indonesia is the forth largest coffee beans producer in 60 the world and the second in Southeast Asia after Vietnam. Two kinds of coffee cultivated, i.e. 61
Robusta coffee (Coffea canephora) and Arabica coffee (C. arabica). GAEKI (2018) reported, that 62 Robusta and Arabica coffee contribute about 83% and 17% of the total coffee production in 63 Indonesia, respectively. According to Hendrawan (2014) Tana Toraja Regency is one of the 64 Arabica coffee producing regencies in South Sulawesi Province. Tana Toraja coffee is exported to 65 sixteen countries, among others Belgium, the United States, and Japan. 66
Due to its status as one of the largest coffee producers, Indonesia has to compete with other 67 countries in producing good quality coffee beans. The quality of coffee beans should be examined 68 before they are exported. However, not many people have sufficient skills in tackling the problems 69 during the postharvest handling of coffee beans. 70
During storage, coffee beans could be infested by insects, microorganisms, mites, and rats. 71
Among microorganisms, fungi are the most dominant cause of deterioration in stored grains or 72 seeds. Fungal infection in grains can cause discoloration, musty odors, weight loss, reduction in 73 nutritional contents, and mycotoxin contamination. 74
In Indonesia, no research has been conducted on fungal infection (including ochratoxin-75 producing fungi) in Arabica coffee beans. However, such researches have been conducted in 76 Robusta coffee beans (Dharmaputra et al. (2000) , Yani (2008) and Nugroho et al. (2013) . 77
Ochratoxin A (OTA) contamination in coffee beans have become an important issue 78 recently since some consuming countries are imposing their own maximum tolerable limits (MTL), 79
while the presence of OTA in some coffee products have been reported in several publications. 80
According to Cabañes et al. (2010) OTA is a potent nephrotoxic mycotoxin that has been linked to 81 kidney problems in both livestock and human populations. It has also carcinogenic, genotoxic and 82 immunotoxic properties. Natural occurrence of OTA has been reported from temperate to tropical 83 climates mainly on cereals and their products. However, it is also found in a variety of common 84 foods and beverages, including bread, beer, chocolate, coffee, dried fruits, grape juice, pork, poultry 85 and wine among others. Bui-Klimke and Wu (2015) reported that in tropical regions, OTA is 86 mainly produced by Aspergillus carbonarius, A. niger, and A. ochraceus, while in sub-tropical 87 regions it is produced by Penicillium verrucosum. 88
In relation to storage monitoring, this study has two objectives: (1) to obtain information on 89 postharvest handling methods of Arabica coffee beans (C. arabica) conducted by farmers, 90 collectors, traders, and exporters and (2) Interviews using questionnaires were conducted during the surveys to collect information on 109 coffee bean postharvest handling methods at different stages of the delivery chain, consisting of 110 farmer, collector, trader, and exporter levels. Data were collected from interviews with respondents. 111
The questionnaires contained questions which were related to postharvest handling methods carried 112 out by farmers, collectors, traders, and exporters, as well as those which were related to problems 113 that they encountered. The number of respondents from each level in the delivery chain was 114 different depending on the number of farmers, collectors, traders and exporters during the surveys 115 (Israel 1992 
Determination of Moisture Content, Quality Grade of Coffee Beans, and Fungal Population 135
The moisture content of coffee beans (based on wet basis) was determined using the oven 136 method (SNI 2008). Two replicates were used for each sample. The quality grade of coffee beans 137 was determined based on the number of defective beans in every 300 g of sample (SNI 2008). Fungi 138 were isolated using the serial dilution method followed by the pour plate method on Dichloran 18% 139 Glycerol Agar (DG18) (Pitt and Hocking 2009). One replicate was used for each sample (1 x 25 g). 140
The fungi were then identified using the method proposed by Pitt and Hocking (2009) At farmer level, the coffee berries were placed in the ex-polypropylene bags. The coffee 176 berries were not processed directly, but they were stored in the polypropylene bags for 1 to 3 days 177 (performed by 42% of respondents), or more than 3 days (performed by 8% of respondents) to 178 obtain enough quantity for the next process. Farmers processed the coffee berries using the wet 179 process. The husks of the berries were shelled, and then the berries were washed using well-water to 180 ensure good fermentation and to eliminate their mucus. Some farmers shelled the husk by treading 181 the coffee berries after being soaked in well-water for two days. The coffee beans were dried using 182 the sun-drying method for less than seven days on dirty polypropylene bags or plaited mats. 183
Consequently, the beans could easily be infected by fungi. 184
Coffee beans with hulls were then stored in polypropylene bag (performed by 79% of 185 respondents) or using the bulk system (performed by 17% of respondents) for less than seven days. 186
Coffee beans with hulls were sold by the farmers to the collectors. Farmers usually encounter 187 problems during the drying process, because it takes a longer time to dry the coffee beans during 188 rainy season, and this a significant delay decrease the bean quality. They were hoping to get a 189 drying machine from relevant institutions. Moreover, according to our respondent farmers, the price 190 of fertilizer was very expensive, while the price of coffee beans was low. At trader level or Koperasi Petani Kopi Toraja, coffee beans with hull were re-dried and 196 shelled to produce green coffee, i.e. coffee beans without husk and hull. Traders sorted the beans 197 based on bean size using a grading machine and on-the-beans' defective value manually. Traders 198 sold those coffee beans among others to exporters. Before selling the beans, they stored the beans 199 for 7 to 60 days. The problems encountered by traders were the lack of roasting equipment and 200
capital. 201
At trader and exporter levels, inappropriate postharvest handling methods were found 202 during the storing of coffee beans because the sanitation was poor and some of them did not use any 203 pallet. Good Postharvest Handling Practice of coffee beans should be based on Permentan (2012) . 204
Exporters stored green coffee, i.e. coffee without husk and hull, for six months until two years 205 before they were exported. 206 207
Source and Number of Samples 208
Sample collection was conducted at each respondent's workplace. The total number of 209 coffee bean samples was 64. As many as 27 samples in the form of coffee beans with hull were 210 collected from 24 farmers; 15 samples in the form of coffee beans with hull were collected from 10 211 collectors; 13 green coffee bean samples, i.e. coffee beans without husk and hull, were collected 212 from 7 traders; and 9 green coffee bean samples, i.e. coffee beans without husk and hull, were 213 collected from 4 exporters. 214
Each sample consisted of 1000 g of coffee beans which was collected randomly from each 215 respondent. Each sample was packed in a clean polypropylene bag. Before the moisture content, 216 quality grade, and fungal population were measured, the hull of each sample was shelled manually. 217 218
Moisture Content and Quality Grade of Coffee Beans 219
The Indonesian National Standard or SNI has determined the maximum tolerable limit of 220 moisture content (MC) in coffee beans at 13% (SNI 2008). MC of coffee beans collected from 221 farmers (42.5 ± 12.1%) and collectors (42.5 ± 11.3%) were higher than the maximum tolerable limit 222 determined by SNI (13%). As much as 96% and 93% of the samples collected from farmers and 223 collectors had MC exceeding 13% (Table 2) . Based on our statistical analysis, different levels of the 224 delivery chain made significant difference in the MC of coffee beans. MC of coffee beans collected 225 from farmers was not significantly different from that of coffee beans collected from collectors. 226 However, MC of coffee beans collected from farmers and collectors were significantly different 227 from those collected from traders and exporters because they were much higher. 228 229 MC of coffee beans collected from traders (10.9 ± 1.6%) and exporters (9.7 ± 0.7%) were 239 lower than the maximum tolerable limit determined by SNI (13%). Nevertheless, 8% of 13 coffee 240 bean samples collected from traders had MC exceeding 13%. Traders and exporters re-dried and re-241 sorted coffee beans collected from farmers and collectors in order to meet the required standard of 242 quality. Based on the total defective value, the quality grade of coffee beans collected from farmers 243 was the most diverse (grade 1 to 6) than those collected from collectors (grade 1 to 3), traders 244 (grade 1 to 5), and exporters (grade 2 to 6) ( Table 2) . 245 246
Fungal Diversity and Population in Coffee Beans 247
Based on the results of interviews at various stages of the delivery chain, the respondents 248 said that no fungal problem had ever been found in their coffee beans. Actually, their comments 249 were only based on visual observation. Based on the results of fungal isolation, however, all coffee 250 bean samples were found to be infected by fungi. 251
Eleven fungal species were isolated in coffee beans collected from farmers (Table 3) Aspergillus candidus 1 (4) 1.1 x 10 2 (1.1 x 10 2 ) 2 (13) 6.7 x 10 -1.3 x 10 2 (1 x 10 2 ) ----A. flavus 3 (11) 2.3 x 10 -1.3 x 10 2 (7.4 x 10) 1 (7) 3 x 10 (3 x 10) 7 (54) 0.3 x 10 -7.7 x 10 2 (2.4 x 10 2 ) 4 (44) 0.7 x 10 -1.7 x 10 2 (5 x 10)
A. ochraceus 5 (19) 0.7 x 10 -5 x 10 2 (1.4 x 10 2 ) 1 (7) 2.3 x 10 2 (2.3 x 10 2 ) 6 (46) 0.3 x 10 -2.7 x 10 3 (7.4 x 10 2 ) 4 (44) 0.3 x 10 -7 x 10 (2 x 10)
A. niger 1 (4) 6.3 x 10 (6.3 x 10) --6 (46) 0.3 x 10 -1.3 x 10 3 (4.8 x 10 2 ) 7 (78) 0.3 x 10 -8.3 x 10 2 (3.1 x 10 2 )
A. sydowii ----1 (8) 1.7 x 10 (1.7 x 10) 1 (11) 2 x 10 (2 x 10)
A. tamarii ----5 (38) 0.3 x 10 -2.3 x 10 2 (7.1 x 10) 6 (67) 0.3 x 10 -1.3 x 10 2 (5.1 x 10)
A. versicolor --1 (7) 3.7 x 10 3 (3.7 x 10 3 ) --2 (22) 0.7 x 10 -6 x 10 (3.4 x 10)
A. wentii 2 (7) (0.3 -1.7) x 10 (1 x 10) 1 (7) 1 x 10 2 (1 x 10 2 ) ---- Eurotium chevalieri 3 (11) 1 x 10 -1.1 x 10 3 (4 x 10 2 ) --5 (38) 0.7 x 10 -4.7 x 10 2 (1.2 x 10 2 ) 3 (33) 6.3 x 10 -1 x 10 2 (8.2 x 10) E. rubrum 1 (4) 4.3 x 10 2 (4.3 x 10 2 ) 2 (13) 3.7 x 10 2 -6.3 x 10 3 (3.4 x 10 3 ) 3 (23) 3.3 x 10 -1 x 10 2 (6.7 x 10) --Fusarium solani 7 (26) 1.7 x 10 3 -8 x 10 4 (1.9 x 10 4 ) 2 (13) 7.7 x 10 3 -1.3 x 10 4 (1.1 x 10 4 ) 1 (8) 4 x 10 3 (4 x 10 3 ) -- Table 3 shows, that population of A. ochraceus in coffee beans collected from exporters (2 x 308 10 cfu/g) was the lowest, compared to those collected from farmers (1.4 x 10 2 cfu/g), collectors (2.3 309
x 10 2 cfu/g), and traders (7.4 x 10 2 cfu/g). No A. niger was found in coffee beans collected from 310 collectors. Population of A.niger in coffee beans collected from farmers (6.3 x 10 cfu/g) was the 311 lowest, compared to those collected from exporters (3.1 x 10 2 cfu/g) and traders (4.8 x 10 2 cfu/g). 312
Mean total fungal population in coffee beans collected from farmers, collectors, traders and 313 exporters was 3.0 x 10 4 , 1.5 x 10 4 , 1.3 x 10 4 and 4.9 x 10 2 cfu/g, respectively. BPOM (2016) has 314 determined the limit of fungal (mould and yeast) population in powder and instant coffees were 10 4 315 and 10 3 cfu/g, respectively, but no determination has been made on the limit of fungal population in 316 coffee beans. 317
The high MC of coffee beans collected from farmers and collectors resulted in the high 318 fungal diversity and population in the samples. Traders and exporters re-dried and re-sorted coffee 319 beans collected from farmers and collectors; consequently, the quality of the coffee beans got better 320 i.e. the MC and fungal population were relatively low. The number of defective beans in every 321 sample also affected fungal diversity and their population in the sample. The presence of fungal 322 diversity was probably due to the kind of substrate, i.e. Toraja Arabica coffee beans, and other 323 environmental factors. According to Pitt and Hocking (2009) factors affecting fungal infection in 324 stored foodstuff are water activity, hydrogen ion concentration,temperatureof both processing and 325 storage, gas tension, specifically of oxygen and carbon dioxide, consistency, nutrient status, specific 326 solute effects, and preservatives. Magan et al. (2010) reported that fungal diversity found in cereal 327 grain is influenced by abiotic factors such as prevailing temperature and relative humidity, 328 especially at a microclimate level. Thus, the fungi colonizing these ecological niches will interact 329 with each other as they compete to utilize the available nutrients. 330
Based on our statistical analysis, the delivery chain did not give any significant difference in 331 the total fungal population and population of A. ochraceus, but it gave a significant difference in the 332 population of A. niger (Table 4 ). The population of A. niger in coffee bean samples collected from 333 traders and exporters was higher than that of samples collected from farmers and collectors. 334 335 Farmer 3.0 x 10 4 ± 7.2 x 10 4 a 6.3 x 10 a 1.4 x 10 2 ± 1.9 x 10 2 a Collector 1.5 x 10 4 ± 2.1 x 10 4 a 0 a 2.3 x 10 2 a Trader 1.3 x 10 4 ± 2.0 x 10 4 a 4.8 x 10 2 ± 5.7 x 10 2 b 7.4 x 10 2 ± 1.5 x 10 3 a
